A new nanodrug system containing bis(menthone thiosemicarbazonato) Platinum(II) complex (Pt-thiomen) encapsulated with the block copolymers polylactide-d--tocopheryl polyethylene glycol 1000 succinate (PLA-TPGS) was prepared by a modified solvent extraction/evaporation technique. The characteristics of the nanoparticles including surface morphology, size distribution, structure, and biological activities such as antimicrobial and cytotoxic activities were in vitro investigated. The spherical nanoparticles were around 50 nm in size with core-shell structure and narrow-size distribution. The encapsulated Pt-thiomen can avoid interaction with proteins in the blood plasma. The inhibitory activity of Pt-thiomen-loaded PLA-TPGS nanoparticles on the growth of some bacteria, fungi, and Hep-G2 cells suggests a possibility of developing PLA-TPGS-Pt-thiomen nanoparticles as one of the potential chemotherapeutic agents.
Introduction
Platinum(II) complexes, one of the most potent anticancer drugs, have been used for treatment against a variety of human cancers [1, 2] . They are effective cytotoxic agents in the treatment of epithelial malignancies such as lung, head and neck, ovarian, bladder, and testicular cancer [3] . However, their clinical applications is restricted because almost all platinum in the blood plasma are often bound by protein after intravenous injection [4] . The binding of Pt(II) complexes with proteins reduces the urinary excretion of platinum and causes the deposition of Platinum in tissues [5] . The action with proteins causes many side effects including renal and auditory toxicity, nausea, and vomiting [6] [7] [8] . The development of drug delivery systems in the last several decades has provided a variety of methods including the incorporation of drugs into liposomes, lipid emulsions, and polymeric micelles to reduce adverse effects, to increase their solubility, and to prolong circulation time as well [9] [10] [11] [12] . More recently, a promising approach which has attracted much attention of researchers is the encapsulation of platinumbased anticancer drugs in sterically stabilized polymeric micelles. This strategy has succeeded in reducing toxicity and improving efficacy of encapsulated platinum complex due to an excellent stability in plasma and a much longer circulation time as compared to free Pt(II) complexes [13] [14] [15] [16] . The in vitro test on antimicrobial activity of the series of platinum(II) complexes by the macrodilution method was also reported by Utku et al. [17] . Some synthesized complexes might be taken into consideration as promising antifungal compounds [18] .
To the best of our knowledge, there were a few reports on encapsulation of Pt(II) complex due to the fact that it is an ionic compound and it lacks reactive groups in its molecule (amino, carboxyl, hydroxyl groups for instance). Our previous study on synthesis of complex of Cu(II) with methone thiosemicarbazon revealed that the new complex displayed cytotoxic activity against Hep-G2 and LU (Lung) cell lines (data not shown). In this study, we synthesized a new 2 Journal of Nanomaterials Pt(II) complex (Pt-thiomen), fabricated a nanodrug system by incorporating Pt(II) in biodegradable core-shell PLA-TPGS copolymer, and tested the in vitro efficacy on cancer cells. Excellent biocompatibility of polylactide (PLA) leads to the US FDA's approval and acceptance (Food and Drug Administration) for medical applications. However, disadvantages of this polymer are high hydrophobicity and slow degradation which make it very difficult to encapsulate drugs. To overcome these hindrances, the hydrophobic blocks as the core are linked with hydrophilic polymers like TPGS as the shell. Thanks to its good biocompatibility, hydrophilicity, and the absence of antigenicity and immunogenicity, the core-shell structure with PLA-TPGS as an outer shell enables the nanoparticles to escape from the scavenging of the reticuloendothelial systems (RES) in vivo effectively [12] .
Materials and Methods

Materials. Menthone thiosemicarbazone (Hthiomen),
Potassium tetrachloroplatinate(II), polylactide (PLA), and d--tocophenyl polyethylene glycol 1000 succinate (TPGS) were purchased from Sigma Aldrich (Germany).
Methods
Synthesis of Pt(II) Complex (Pt-Thiomen)
. Pt(II) complex (Pt-thiomen) was synthesized from Menthone thiosemicarbazone (Hthiomen) ligand and Potassium tetrachloroplatinate(II) (K 2 [PtCl 4 ]). Firstly, Hthiomen was prepared from thiosemicarbazide and (±) menthone (1 : 1 molar ratio). The mixture was dissolved in warm ethanol and anhydrous acetic acid was added until pH reached 3-4 and this was followed by stirring for 3 h. After cooling to room temperature, crystalline product was isolated and washed with water, ethanol, and dried over P 2 O 5 . Hthiomen was obtained as a white powder. To synthesize Pt-thiomen, a solution of K 2 [PtCl 4 ] (0.415 g, 0.001 mol) in 15 mL water was added to a solution of menthone thiosemicarbazone (0.454 g, 0.002 mol) in 50 mL ethanol at 30 ∘ C under stirring for 1 h. The reaction mixture was kept at 0 ∘ C for 12 h. Afterwards, the precipitate was filtered off and washed several times with water, ethanol, and dried over P 2 O 5 . The Pt-thiomen was obtained as a dark yellow powder.
Synthesis of PLA-TPGS Copolymer.
PLA-TPGS copolymer was synthesized through ring opening polymerization of poly lactide and d--tocopheryl polyethylene glycol 1000 succinate (TPGS) [12] . Briefly, PLA and TPGS with weight ratio of 1 : 4 were dissolved in toluene and added to an ampoule. Stannous octoate was used as catalyst agent. The mixture was vigorously stirred for 10 h at 130 ∘ C under nitrogen flow. After polymerization, organic solvent was evaporated overnight and final product was obtained by precipitating in cold methanol and subsequently dried at 60 ∘ C for 24 h in inert condition.
Afterwards, 20 mg of copolymer PLA-TPGS was dissolved in dichloromethane and sonicated for 15 min before added to 20 mL of distilled water. The mixture was then stirred at room temperature to get an aqueous solution of PLA-TPGS. The final solution was obtained by centrifugation at 4000 rpm for 5 min to remove any aggregate. The remaining organic solvent in PLA-TPGS solution was evaporated and the product was kept at room temperature for further preparation.
Preparation of PLA-TPGS Loaded
Pt-Thiomen Nanoparticles. PLA-TPGS loaded Pt-thiomen nanoparticles were prepared using a modified solvent extraction/evaporation method. Firstly, Pt-thiomen was dissolved in ethanol by sonicating for 15 min with concentration of 0.5 mg mL −1 . The solution was then dropped wisely into an aqueous solution of PLA-TPGS nanoparticles (1 mg mL −1 ) under stirring continuously at room temperature for at least 24 h. Then, the emulsion was gently stirred until the organic solvent was completely evaporated. The unloaded Pt-thiomen was removed by centrifugation at 4000 rpm for 5 min and the soluble product was stored at room temperature.
The Cytotoxicity
Assay. The cytotoxicity assay was performed based on the method of Vichai and Kirtikara [19] and Skehan et al. [20] using sulforhodamine B(SRB). In brief, the Hep-G2 cells were cultured in 10% FBS-MEM medium and incubated in 5% CO 2 and 95% air at 37 ∘ C for 3 days. The fresh cells were treated with trypsin at 37 ∘ C for 5 min and were resuspended in a fresh medium containing 10% FBS to a density of 1 × 10 4 cells/mL. For activity assay, in triplicate 96-well plates 190 L of the cell suspension was added in each well which contained 10 L of test samples with various known concentratiosn prepared in 5% DMSO. Ellipticine was used as the positive reference. The cultured plates were then incubated for 3 days and cells were fixed with 100 L of 30% trichloroacetic acid for 30 min at 4 ∘ C. Unbound protein was removed gently under tap water and the plates were stained for 30 min with 200 L of 0.4% (w/v) sulforhodamine B (SRB) in 1% acetic acid. Unbound dye was removed by four washes with 200 L of 1% acetic acid. The stained bound protein was then dissolved in 200 L of 10 mM unbuffered Tris base(tris (hydroxymethyl)aminomethane) and the optical density was measured in a computer-interfaced, 96well microplate reader at A540 nm. The SRB assay results were linear with the number of cells and with values for cellular protein measured at densities ranging from sparse subconfluence to multilayered supraconfluence. The signalto-noise ratio at 515-564 nm was approximately 1.5 with 1,000 cells per well.
Antimicrobial Activity Assay.
Antimicrobial activity of test samples was assayed using microbroth dilution methods of Mishra and Kaushik [21] and Vichai and Kirtikara [19] . In brief, the serial dilution technique was performed using 96well microplates to determine the minimum inhibitory concentration (MIC) of the drugs against test microorganisms.
Gram negative bacteria including Escherichia coli (ATCC 25922) and Pseudomonas aeruginosa (ATCC 25923) and Gram positive bacteria including Bacillus subtilis (ATCC 27212) and Staphylococcus aureus (ATCC12222) strains were Journal of Nanomaterials 3 used for this assay. To test inhibitory activity of samples on fungi, the filamentous fungi including Aspergillus niger (439) and Fusarium oxysporum (M42) and yeast including Candida albicans (ATCC 7754) and Saccharomyces cerevisiae (SH 20) were used. Briefly, the fresh microorganisms were diluted with the growth medium broth to a final inoculum size of 10 5 CFU/mL. The test samples including Pt-thiomen, PLA-TPGS, and PLA-TPGS loaded Pt-thiomen were dissolved in 5% DMSO at various concentrations and then were loaded into 96-well microplates. 190 L of the culture suspension was loaded onto wells which already contained 10 L of the test sample with a known concentration. The plates were covered and incubated overnight at 37 ∘ C for bacteria and at 30 ∘ C for 48 h for fungi. Microbial growth in the well was evaluated by naked eyes and a complete inhibition refers to a clear well. Penicillin, streptomycin, and nystatin were used as positive reference for Gram negative bacteria, Gram positive bacteria, and fungi, respectively. A blank sample was treated in the same way using 5% DMSO instead of the test samples.
Structure Determination.
Mass spectroscopy with electrospray ionization technique (ESI-MS) was used in order to confirm the formula of Hthiomen and Pt-thiomen (Agilent 1100 LC/MSD).
IR spectra were recorded with a FTIR Shimadu spectrophometer using KBr discs in the frequency range of 4000-400 cm −1 .
1 H-NMR spectra were obtained with a Bruker 500 MHz spectrometer and the chemical ship is given in units of relative to TMS as an internal using DMSO-d6 as the solvent.
Field emission scanning electron microscope (FE-SEM) images were taken by a Hitachi S-4800. The micelle loaded Pt-thiomen was examined by absorption on a VARIAN spectrophometer Cary 5000 UV-VIS-NIR.
The encapsulation efficiency (EE, %) of Pt-thiomen in micelle was calculated by the following formulation: EE (%) = (total amount of Pt-thiomen − nonencapsulated amount of Pt-thiomen) × (total amount of Pt-thiomen) −1 .
(
The nonencapsulated Pt-thiomen was recovered by centrifugation at 4000 rpm for 5 m and the Pt-thiomen as aggregate form was dried and weighed.
Results and Discussion
Mass spectroscopy with electron ionization mass spectrometer (EIMS) technique was used in order to confirm the complexes' formula of Pt-thiomen and the results were displayed in MS data (see Table 1 ). As seen in the MS spectrum (Figure 1(b) ), the appearance of a cluster of peaks with / = 228, 229, 230 of ligand and a cluster of peaks with / = 648, 649, 650, 651 in the spectrum of Pt-thiomen were consistent with the molecular weight of the complexe calculated from different isotopes (Figure 2(b) ). The 1 H-NMR spectrum of Hthiomen (Figure 2(a) ) exhibited a singlet at 10.22 ppm attributed to NH-hydrazine proton. The presence of NH signal indicated the presence of Hthiomen in the thione form. The proton signal on the CH=N appeared at 7.40 ppm. It is interesting to notice the presence of two broad single signals for the NH 2 -protons, respectively, at 8.00 and 7.21 ppm due to restricted rotation around the C-N bond because of its partial double bond character. The triplet at 0.85 ppm was assigned to 3H of CH 3 group and signals in range 1.61 to 3.13 ppm were assigned to other fourteen protons.
The absence of the H signal (NHC=S group) from Ptthiomen complex's spectrum (Figure 2(b) ) confirmed the deprotonation of the ligand due to coordination with Pt(II) via S and N. The signals of other protons appeared in similar range in ligand's spectra. The NMR results were consistent with IR results.
The IR spectrum of Hthiomen (Figure 3(a) ) showed absorption bands at 3433 and 3210 cm −1 due to stretching frequencies for NH-amide, while the absorption band for NH-hydrazine is present at 3146 cm −1 . The band due to the -SH group was not observed in 2500−2600 cm −1 and the presence of band at 823 cm −1 due to ](C=S) suggested the existence of thiosemicarbazone in the thione form. Typical bands for aliphatic -CH appeared in the frequency range 3031-2852 cm −1 and the absorption for -CN appeared at 1590 cm −1 .
The IR spectrum of Pt-thiomen (Figure 3(b) ) showed absorption bands in the region 3200-3400 cm −1 due to stretching frequencies for NH-amide, while the absorption for NH at region 3000-3200 cm −1 was absent. The ](C=S) band at 823 cm −1 in the spectrum of the ligand shifted to 741 cm −1 in the spectrum of the complex Indicating that the existence of ligand is in the thiol form and deprotonation on complexation and that Pt coordinated with the thiolate sulphur. The ](C=N) band of the thiosemicarbazone at 1590 cm −1 shifted to 1600 cm −1 in the spectrum of the complexes, indicating coordination of the azomethine nitrogen. This result was confirmed by the presence of new bands at 615 and 472 cm −1 due to ](Pt-N) and ](Pt-S). These spectra suggest that after deprotonation the ligand coordinated with the Pt(II) via S and N. Selected IR bands for the ligand Hthiomen and complex (Pt-thiomen) are given in IR data (see Table 2 ).
On the basis of the above analysis, reasonable structures of ligand and Pt-thiomen are depicted in Figure 4 .
The FT-IR spectra of PLA-TPGS, Pt-thiomen, and PLA-TPGS-Pt-thiomen were also recorded and presented in Figure 5 . The encapsulation efficiency was determined with EE value of 80%. After encapsulated by copolymer PLA-TPGS, the stretching and absorption bands of NH-amide and NH-hydrazine appeared at 3300-3600 and 2900-3100 cm −1 , respectively. The peak at 811 cm −1 was assigned to oscillation of C=S group while the one at 1623 cm −1 was assigned to oscillation of C=N group in Pt-thiomen encapsulated by PLA-TPGS. The absorption band of ](Pt-N) and ](Pt-S) shifted to 636 and 482 cm −1 after it was encapsulated by the copolymer, respectively. The CH stretching band of PLA-TPGS was observed at 2939 cm −1 while the absorption band of hydroxyl group appeared at 3441 cm −1 . The appearance of characteristic peaks of Pt-thiomen and PLA-TPGS accompanied by the shift of these peaks confirmed the encapsulation of Pt complexes by synthesized copolymer PLA-TPGS. Surface morphology of the synthesized nanoparticles is shown in Figures 6(c) and 6(d). FE-SEM images indicated that the PLA-TPGS copolymer (Figures 6(a) and 6(b)) had a round shape with the average diameter of 50 nm. After encapsulating Pt-thiomen, the shape and size of PLA-TPGS-Pt-thiomen nanoparticles did not change much, still in the range of 50 nm (Figures 6(c) and 6(d) ). The small size with core-shell structure enables this new nanodrug system to avoid protein binding and to lengthen circulation time in the body thus enhancing the potential to be applied as a chemotherapeutic agent.
PLA-TPGS-Pt-thiomen was tested for the cytotoxic activity in order to evaluate inhibition on Hep-G2 cells. The results show remarkably varying cytotoxic activities of test samples including Pt-thiomen, PLA-TPGS, and PLA-TPGS loaded Ptthiomen. It was observed that increasing concentration of PLA-TPGS-Pt-thiomen causes a decrease in the cell viability (indicated by % cell survival) (see Table 3 ). It is clear that the encapsulated Pt-thiomen displayed a higher activity as compared to the free Pt-thiomen (see Figure 7 and Table 3 ). The images of Hep-G2 cell (presented in Figure 7 ) indicate that cells were changed in accordance with increasing concentration of PLA-TPGS-Pt-thiome. This new nanoparticle had no activity at the concentration of 1 g mL −1 . At higher concentration ranging from 2.5 to 5 g mL −1 the cell growth and angiogenesis were inhibited and cells were much destroyed at 10 g mL −1 and 20 g mL −1 . In this case, PLA-TPGS-Pt-thiomen may cause necrosis and cell death at high doses.
Antimicrobial activity of PLA-TPGS-Pt-thiomen complex showed a significant activity as compared to that of the starting materials including nonencapsulated Pt-thiomen and PLA-TPGS (see Table 4 ). In comparison to several standard drugs assayed by other groups [17, 18] , the antimicrobial activity of the encapsulated Pt-thiomen was lower, possibly due to its high molecular weight of the polymer. The MIC values of this polymer are found to be 40-80 g mL −1 (see Table 4 ). 
Conclusion
In conclusion, PLA-TPGS-Pt-thiomen nanoparticles were successfully synthesized by a modified solvent extraction/evaporation technique. These particles displayed a better solubility in water as compared to unloaded Pt-thiomen. Spherical core-shell structure with the average size of 50 nm may help them avoid protein binding in the blood plasma which often occurs. They seem to be suitable for drug delivery applications. The results of antimicrobial activity of copolymer PLA-TPGS loaded Pt-thiomen nanoparticles show that these nanoparticles were inhibitory to both Gram negative and positive bacteria and fungi including A. niger and S. cerevisiae but not inhibitory to F. oxysporum and C. albicans. PLA-TPGS-Pt-thiomen nanoparticles also show a cytotoxic activity on Hep-G2 cells with concentration ranging from 2.5 g mL −1 to 20 g mL −1 and the IC 50 value of PLA-TPGS-Pt-thiomen is 5.5 g mL −1 .
The finding of bioactivity of the new synthesized complex against Hep-G2 cells and test microorganisms demonstrated the better protection and delivery capacity of PLA-TPGS upon encapsulation of Pt-thiomen. Mechanism remains unclear. Involvement of cell membrane and cytosolic response to this new complex need to be further studied in order to get insight into this observation.
All these results demonstrated a successful design of a new nanodrug system based on Platinum(II) complex (Ptthiomen) and exhibited a potential application of this system in drug delivery. 
